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Description 

[0001] The present invention relates to a method for 
producing an exchanger according to the preamble of 
claim 1 . 

[0002] Such an exchanger can be a heat exchanger, 
a substance exchanger, or separator. More particular 
the invention relates to an exchanger to be used at ele- 
vated temperature. Because of the conditions of use, 
ceramic material to provide sufficient service life is used 
in the art. As example hollow fibre membrane tubes with 
small tube diameter are mentioned. At higher tempera- 
ture levels polymer membranes are not longer usable. 
Advantages of ceramic membranes are high tempera- 
ture resistivity, mechanical stability and normally those 
membranes are not sensitive to chemical attack in for 
example corrosive surroundings. An example for a 
method to produce a ceramic hollow fibre membrane 
allowing for high fluxes is disclosed in EP-0 693 961 A1 . 
[0003] In practical use only tubes are not sufficient. 
They have to be incorporated in a module to make prac- 
tical use thereof. Generally such a module comprises 
an enclosure and a pipe plate for receiving the ends of 
the hollow tubes as well as possibly further plates to dis- 
tribute flows both in the hollow tubes and around those 
tubes. 

[0004] Up till now it was technically not feasible to pro- 
duce in an economical way pipe plates which could 
withstand relative high temperatures and in which also 
some mechanical loading is observed and which can be 
scaled up easily. 

[0005] It has been shown that many gas separation 
processes can be conducted at high temperature with 
ceramic membranes. An example is the 'Knudsen' sep- 
aration with gamma-AI 2 0 3 membranes, separation of 
hydrogen from a mixture of gases with silica mem- 
branes (300-500°C), isomere separation with zeolite 
membranes (± 500°C max.) and electrochemical sepa- 
ration of oxygen from air with mixed ionic-electronic 
conducting materials (800-1 000°C). These are only 
examples for which high temperature exchangers could 
be used, more in particular the hollow fibre membrane 
tubes. In order to scale-up these processes high tem- 
perature resistant membrane modules allowing for high 
fluxes have to become available for relative low prices. 
[0006] The invention aims to provide a method for pro- 
ducing such a module, a pipe plate respectively for an 
exchanger to be used at elevated temperature having 
sufficient strength and manufactured in such a way that 
it is economically feasible. Of course there should be a 
perfect sealing between the tubes and the pipe plate. 
[0007] This aim is realised with a method as described 
above having the characterising features of claim 1 . 
[0008] The tubes to be used according to the invention 
can be the hollow fibre membranes as described above. 
However, it should be noted that for other applications 
hollow ceramic tubes (i.e. having a larger diameter) or 
metallic tubes can be used. With the casting method 



according to the invention good sealing properties 
between the pipe plate and the tubes have been 
observed whilst even after repeated heating and cooling 
down of the exchanger no cracks occurred. The method 

5 as described in the main claim is economical to realise 
and provides an exchanger in which the pipe plate is no 
longer the restricting component for the temperature at 
which the exchanger can be used. 
[0009] The present invention deals with an economi- 

10 cally attractive way to join simultaneously a large 
number of hollow tubes, more specific ceramic hollow 
fibre membranes, to a substance exchanger, more spe- 
cific a ceramic membrane module with which liquid sep- 
aration, gas permeation, gas separation and related 

is processes at high temperature can be conducted. Fur- 
thermore, the invention is of importance at high-temper- 
ature heat exchanging processes and high-temperature 
ceramic or inorganic equipment in which leak-free 
ceramic/ceramic connections are required. 

20 [0010] If the exchanger tubes are hollow fibre mem- 
branes, such ceramic membranes are first made as 
tubes or hollow fibres in shape and condition in which 
they will be in the completed exchanger. This means 
that the desired pore size and porosity are already 

25 adjusted which can be effected by a heat treatment- at 
elevated temperature, for example as described in EP- 
0 693 961 (between 1200 and 1650°C)). Ceramic mem- 
branes can be porous or (inert) gas tight and can com- 
prise one or more (concentric) layers. 

30 [001 1 ] To obtain a possibility to introduce a fluid 
around the pipes according to a preferred embodiment 
of the invention in the pipe plate also a feed/discharge 
pipe is arranged. To provide sealing it is possible that 
together with casting the slurry in a mould in or onto 

35 which the exchanger tubes are positioned also such a 
feed/discharge pipe is present. However, it will be 
understood that such feed/discharge pipes can also be 
connected to any other part of the enclosure. 
[0012] The enclosure according to the invention can 

40 comprise a ceramic material and can have any shape 
known in the art. Preferably it is also placed on or in the 
mould to provide sealing engagement between the pipe 
plate and the enclosure. 

[001 3] In order to realize a plenum for the hollow tubes 
45 an end plate has to be provided spaced from the pipe 
plate. Such an end plate can be produced with the same 
method as described above for preparing the pipe plate. 
Dependent from the slurry and its condition used for the 
pipe plate it is possible that this cast and dried slurry for 
so the pipe plate is still in green condition whilst the end 
plate is cast so that both the end plate and the pipe plate 
can be sintered in one step. Of course production in two 
sintering steps is possible. 

[0014] The other end of the exchanger can be pro- 
55 duced in the same way and also for this production 
either separate sintering steps can be used or one gen- 
eral sintering step. In the last case the green strength of 
the other - opposed - pipe plate will be sufficient to allow 
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handling of the exchanger to be built. Because the 
ceramic material resulting from the slurry after sintering 
has about the same thermal expansion coefficient as 
other components used in the exchanger (difference 
less than 5 x 10* 6 K* 1 ), thermal tensions in the 5 
exchanger are minimized. Also mechanical properties 
are sufficient either at high temperature and extreme 
process pressures. For the ceramic material used in the 
exchanger, use can be made of aluminium oxide, silicon 
carbide, silicon nitride, zirconium oxide, hydroxyapatite, w 
perovskites and other substances. 

[001 5] In all these cases, the composition of the 
ceramic slurry is chosen in such a way that after casting 
minimum shrinkage occurs during drying and sintering. 
[001 6] As described above the hollow tubes used can 15 
be in finished condition at the moment the pipe plates 
are cast around them. However, it is also possible to 
subject the internals of the heat exchangers to a further 
conditioning before or after sintering. To that end a liquid 
or vapour can be entered in the related compartment 20 
which can provide a coating having the desired proper- 
ties. It is also possible to introduce two separate liquids 
or vapours in the two exchanging compartments which 
will diffuse to each other and react only at their interface 
in order to obtain the desired properties. Incase that the 25 
pipe plates and end plates are not gas-tight yet, it may 
be desirable to apply a gas-tight, leak-free coating on 
these plates. In this case the ceramic compact gives 
mechanical strength whereas the coating is -responsible 
for : gas-tightness. The components for obtaining coat- 30 
ings.or further treating the material of the exchange 
components can be introduced as sol-gel layer and after 
filling the related compartments excess material is 
drained. It is also possible to condition only determined 
parts of a compartment by appropriate positioning of 35 
the related part of the exchanger at introduction of the 
material to be applied on the related component. 
[001 7] The invention also relates to a method for pro- 
ducing a high-temperature resistant joint between two 
or more ceramic articles, wherein said articles are posi- 40 
tioned in or onto a mould, the mould is filled with a 
ceramic slurry, said slurry together with the articles is 
sintered to a solid ceramic and said solid ceramic is cov- 
ered with a gas-tight coating. This method can be used 
both in combination with the method as described 45 
above or independently therefrom, i.e. to produce other 
joint between articles not in the field of exchangers. 
[0018] The invention also relates to an exchanger 
according to claim 1 1 . Surprisingly it has been found 
that no further sealing is necessary under ordinary con- so 
ditions to provide a sufficient type fit between the tubes 
and the pipe plate. 

[0019] However, if further sealing is necessary, for 
example if relatively porous ceramic materials are used, 
the coating process as described above can be applied. 55 
[0020] The invention will be further elucidated refer- 
ring to an example shown in the drawings wherein: 
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Fig. 1 schematically shows some of the compo- 
nents to be used to obtain an exchanger according 
to the invention; 

Fig. 2 - 6 show several steps for the production of 
the exchanger; 

Fig. 7 shows an exchanger according to the inven- 
tion; and 

Fig. 8 shows an additional treatment of the 
exchanger according to the invention. 

[0021 ] In fig. 1 the hollow tubes on which exchang- 
ing/separating is effected are indicated by 1 . This can 
be a ceramic material or metallic material. In a chosen 
example tubes of ceramic material are used having an 
external diameter below 2.5 mm and because of that 
are referred to by hollow fibre membrane tubes. Such 
tubes are used, for example for separating substances 
at elevated temperature. However, as indicated above 
many other applications for the exchanger according to 
the invention are possible. 

[0022] The opening in the tubes 1 is indicated by 2. 3 
is an enclosure positioned around the tubes. 4 is a 
mould to be used to provide a pipe plate. This mould 
comprises a circular groove 5 arranged to accommo- 
date the free end of enclosure 3. Dead ending openings 
6 are provided in mould to receive tubes 1 . A relatively 
larger passage 7 is present in which feed/discharge, 
pipe 9 can be introduced. The mould can be realized 
from any material, known in the art but in this example 
gypsum is used. Both the enclosure .3; and the feed/dis- 
charge pipe 9 are made from a ceramic material. 
[0023] To obtain a pipe plate first of all several items 
are positioned in or onto mould 4 as shown in fig. 2. 
Subsequently a slurry is casted from above in enclosure 
3 to obtain a layer of slurry material having the shape of 
the pipe plate 12 to be produced. Mould 4 is a relatively 
porous material being able to absorb the solvent of the 
slurry so that drying thereof is a relatively simple step. 
After this slurry is introduced either the mould together 
with the components as shown in fig. 2 and 3 is sintered 
or the mould is simply removed. The last step is only 
possible if the green strength of the slurry material is 
sufficient to keep several components together. 
[0024] Fig. 4 shows the next step in which the pipe 
plate on the opposite side of exchanger to be built is 
shown. 

[0025] The next step whether or not after sintering is 
to provide the end plate 14 to delimit the plenum 1 7 for 
the tubes. This is shown in fig. 5 wherein the pipe plate 
produced is indicated with 12 and the further mould 
used has reference number 16. In this mould except 
from the feed/discharge pipe 9 also a feed/discharge 
pipe 15 made from a ceramic material is arranged in 
order to connect the tubes with the surroundings. Slurry 
material can be introduced through such pipe 15 up to 
the top level thereof. After that and making the opposite 
plate 14 (fig.6) sintering is effected and the heat 
exchanger generally referred to by 10 as shown in fig. 7 
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is obtained. Sintering can be effected by heating during 
about 2 hours at about 1200°C. However, it should be 
noted that depending from the materials used other sin- 
tering conditions which will be obvious for the persons 
skilled in the art are applicable. s 
[0026] In a next step coatings can be introduced by 
flowing a fluid through the exchanger which fluid will be 
deposited on the related surfaces of the components of 
the exchanger and provide a more or less gas tight sur- 
face. It is possible to apply such coatings on the pipe 10 
plates or end plates after producing these plates one at 
the time. 

[0027] An example of a further treatment is shown in 
fig. 8. Through pipe 9 a sol-gel material is introduced. 
After filling exchanger compartment 18 above plenum is 
1 7 pressure is removed from pipe 9 and excess slurry is 
allowed to drain back. 

[0028] If immediately after manufacturing or after pro- 
longed use leaks appear it is possible to repair such 
leaks through vapour face deposition or infiltration tech- 20 
nique (CVD or CVI) through reactants approaching 
each other from opposite sides of the leak. These rea- 
gents in gas or vapour conditions are introduced 
through the related feed/discharge pipe. Furthermore it 
is possible to repair remaining leaks by wet chemical 25 
deposition technique through reagents approaching 
each other from opposite sides of the leaks. 

.. t . .. --/■ ■ ■ - r :.; " ■ ' '. 

Example. 

[0029] Below follows a description for producing a 
ceramic membrane module for a membrane system 
comprising an extruded alpha-AI 2 0 3 support having a - 
gamma-AI 2 0 3 top layer. 

[0030] Through the extrusion technique and the sub- 35 
sequent heat treatment at 1250°C a number of alpha- 
Al 2 0 3 hollow fibre membranes have been prepared hav- 
ing an outer diameter of 2 mm, a length of about 20 cm 
and an average porous size of 0,2 \im and a porosity of 
about 40%. Before use within the exchange according 40 
to the invention the tubes have been cut to a length of 
117 mm. As enclosure 3 a commercial obtainable 
sealed Al 2 0 3 tube is used (Alsint, having less than 0,3 
vol% open space sold by Ceratec, The Netherlands) 
having a length of 200 mm, inner diameter of 40 mm 45 
and an outer diameter of 50 mm. Four feed discharge 
pipes 9 are made from the same material having a 
length of 100 mm and an inner diameter of 4 mm and an 
outer diameter of 6 mm. 

[0031 ] The gypsum block 4 is machined through drill- 50 
ing and grinding so that the enclosure 3, a feed pipe 9 
and twenty hollow fibre membranes 1 can be vertical 
positioned thereon. The enclosure 3 extends 2,0 cm in 
mould 4 and the hollow fibre membranes 1 several mil- 
limetres. The feed/discharge pipe 9 completely pene- 55 
trates the gypsum block. Both the feed/discharge pipe 
and the membranes are positioned inside the enclo- 
sure. The tubes all have the same height at their 



extremity. A ceramic slurry is prepared having the fol- 
lowing composition: 

1260.2 grams Al 2 0 3 (T60 of Alcoa), 
988.2 grams Al 2 0 3 slurry (85 wt% A17NE-slurry of 

Alcoa), 

84.1 grams demiwater and 
1 .0 grams Dolapix CE 64. 

[0032] The ceramic slurry contains 90% by weight 
Al 2 0 3 . 

[0033] About 35 ceramic slurry has been cast in the 
enclosure around the ceramic tubes 1 and the feed/dis- 
charge pipe 9. After drying time of about 1 hour the 
combination slurry/enclosure/membranes/feed dis- 
charge pipe is removed from the gypsum block and has 
been further dried overnight. The next day this combina- 
tion is subjected to a heat treatment in air at the temper- 
ature of 1200°C during 2 hours having a heating and 
cooling rate of 240°C/hr, further called 'standardized 
heat treatment'. Due to the high solid content (90% by 
weight Al 2 0 3 ) of the slurry, hardly any shrinkage was 
observed during drying and sintering. Above the slurry 
cast ceramic compact, i.e: 'connection' a coating is pro- 
vided based on aluminium oxide. This coating is. pre- 
pared by mixing aluminium oxide based frit powder type 
PE-FG-01 (obtainable at PRINTLAS- EUROPE) with 
water and to brush the resultant product on the ^connec- 
tion*. The coating is; cured through the 'standardized 
heat treatment'. The sealing properties of the connec- 
tion as such ( i.e. slurry cast ceramic compact and its 
coating) has been tested. Air leaking values in the order 
of 10~ 10 mol/m 2 .s.Pa (tested between 0 and 1 bar) have < 
been measured. Except from the commercial aluminium 
oxide based frit powder some tests have been con- 
ducted with a glass mixture (70 wt% Si0 2 1 0% Na 2 0, 9% 
CaO, 6% Al 2 0 3 ), mixed with water and also brushed and 
subjected to a 'standardized heat treatment'. Also the 
sealing properties of this connection as such is around 
10" 10 mol/m 2 .s,Pa. As comparative value silica based 
H 2 separation membranes have a permeation of around 
10* 7 mol/m 2 .s.Pa (see for example A.J.Burggraaf, LCot, 
"Fundamentals of inorganic membrane science and 
technology", Elsevier, Amsterdam (1966), Chapter 9). 
[0034] In a subsequent step above 'combination' is 
reversed on a gypsum block in which the second 
feed/discharge tube 9 is positioned. The ceramic mem- 
branes all exactly are on the upper face of the mould 4. 
The enclosure exactly slides around the upper face of 
mould 4. Again 35 grams ceramic slurry with the com- 
position as mentioned above is casted through the dis- 
charge pipe 9 which has already been connected to the 
first pipe plate. After one hour drying the second pipe 
plate is removed from the mould, dried overnight and 
subjected to the standardized heat treatment. Also this 
second connection is coated with a coating based on frit 
powder PE-FG-01 and subjected to the 'standardized 
heat treatment'. 
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[0035] The third connection, i.e. realisation of the end 
plate is effected by placing the articled produced up till 
now on a flat mould 16 through which a further feed dis- 
charge 10 extends. 35 gr ceramic slurry having the 
above composition is fed from below to above and flows 5 
around the related feed/discharge pipe inside the enclo- 
sure. After drying, removing from the mould and stand- ' 
ardized heat treatment also this end plate is sealed with 
the coating as described above. The second end plate 
is realized in the same way. 10 

[0036] Now a membrane module based on alpha- 
AI2O3 hollow fibre membranes having an outer diameter 
of about 2 mm an average pore diameter of 0,2 jim and 
a porosity of 40% is finished. 

[0037] Provision of a gamma-A^ top layer at the 15 
exterior of the hollow alpha-Al 2 0 3 tube membranes is 
effected by preparing a boehmite sol as described by 

H. W.Brinkman, 'Ceramic membranes by (electrochem- 
ical vapour deposition', thesis University of Twente 
(1994), page 25. The exchanger is vertical positioned 20 
and the lower feed/discharge pipes 9 are closed. 
Through upper feed/discharge pipe 9 the boehmite-sol 

is cast until compartment 18 is completely filled with sol. 
After about 30 seconds the lower feed/discharge pipes 
are opened so that the excess sol can flow away. The 25 
remaining sol applied to the hollow fibre membranes is 
dried overnight in the air and converted to gamma-AI 2 0 3 
top layer through a heat treatment in air at 450°C during 
3 hours having a heating and cooling rate of 1 .5°C per 
minute. The exchanger is now ready for use. 30 
[0038] Although the invention has been described 
above referring to a preferred example it should be 
understood that many changes can be made which are 
obvious for the person skilled in the art after reading the 
above description and within the scope of protection of 35 
the appended claims. 

Claims 

I. Method for producing an exchanger (10) compris- 40 
ing a number of hollow exchanger tubes (1) posi- 
tioned in an enclosure (3), said tubes being 
sealingly received at opposed ends in a pipe plate 
(12), being sealed relative to said enclosure, char- 
acterised in that, one of the ends of said tubes is 45 
positioned in or onto a mould (4), the mould is filled 
with a ceramic slurry (8), said slurry together with 

the tubes is sintered to a solid ceramic, the slurry 
being chosen such that the thermal expansion coef- 
ficient of the solid ceramic pipe plate differs less so 
than 5 x 10" 6 K* 1 of the thermal expansion coeffi- 
cient of said tubes. 

2. Method according to claim 1, wherein a feed/dis- 
charge pipe (9) connected to the internals of said 55 
enclosure is arranged in said mould before intro- 
ducing said slurry. 
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3. Method according to one of the preceding claims, 
wherein said enclosure is placed in, onto, or is part 
of said mould. 

4. Method according to one of the preceding claims, 
wherein a further spaced plate (14) is produced 
after the slurry for the pipe plate has been intro- 
duced in said mould and is at least self supporting, 
wherein the tubes and the pipe plate are introduced 
in or onto a further mould having at least two open- 
ings, in which two feed/discharge pipes are placed, 
which mould is filled with a ceramic slurry, said 
slurry together with the other parts of the exchanger 
is sintered to a solid ceramic, the slurry being cho- 
sen such that the thermal expansion coefficient of 
the solid ceramic pipe plate differs less than 5 x 10" 
6 K* 1 of the thermal expansion coefficient of said 
tubes. 

5. Method according to one of the preceding claims, 
wherein the hollow exchanger tubes are made of 
porous aluminium oxide, the enclosure and the 
feed/discharge pipes are made of dense aluminium 
oxide, the ceramic slurry comprises more than 85% 
by weight aluminium oxide, and sintering is effected 
at about 1200°C during about 2 hours. 

- • -. 

* ■ 

6. Method according to one of the preceding claims, 
• wherein after sintering the exchanger is filled with a 

liquid or vapour cooperating with either one of said 
tubes, enclosure, pipe plate or further pipe plate to 
produce a coating. 

7. Method according to claim 6. wherein on both sides 
of the item to be coated or infiltrated a component 
of the liquid or vapour is applied, said two compo- 
nents and possibly said item itself reacting to form 
said coating or infiltration. 

8. Method according to one of the preceding claims, 
wherein said slurry comprises a solvent and said 
mould has solvent absorbing properties. 

9. Method for producing a high-temperature resistant 
joint between two or more ceramic articles, wherein 
said articles are positioned in or onto a mould, the 
mould is filled with a ceramic slurry, said slurry 
together with the articles is sintered to a solid 
ceramic and said solid ceramic is covered with a 
gas-tight coating. 

10. Method according to claim 9 wherein the ceramic 
items are made of porous or dense aluminium 
oxide, the ceramic slurry comprises more than 85% 
by weight aluminium oxide, sintering is effected at 
about 1200°C during about 2 hours, the coating is 
an aluminium oxide based frit which is sintered at 
about 1200°C during about 2 hours. 
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1 1 . Exchanger (10) comprising a number of exchanger 
tubes (1), an enclosure (3) and at both opposed 
ends of the tubes a pipe plate (12) and at both ends 
of the enclosure a plate (14) being connected to 
said enclosure, characterised in that, said plate 5 
comprises a ceramic material in direct sealing 
engagement with the tubes.. 

12. Exchanger according to claim 11, comprising a 
heat exchanger. 10 

13. Exchanger according to claim 11 or 12, comprising 
a substance exchanger. 

14. Exchanger according to one of the claims 11-13, 75 
comprising a ceramic material. 

15. Exchanger according to one of the claims 11-14, 
comprising hollow fibre tubes. 

20 

16. Exchanger according to claim 14 or 15, being pro- 
vided with a coating. 

17. Exchanger according to one of the claims 11-16, 
wherein said enclosure comprises a ceramic tube.. 25 

■ • ■ ... *■ ■ ' ■ •• 

l . < * 

' ! * 

I "* * ' * * 
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1. Claims: 1-8,11-17 

Method for producing an exchanger comprising a number of 
hollow exchanger tubes positioned in an enclosure, wherein 
an end of the tubes is placed in a mould, the mould is 
filled with a ceramic slurry and sintered, the thermal 
expansion coefficient of the solid ceramic pipe plate after 
sintering is close to the expansion coefficient of the tubes. 
Exchanger comprising a number of exchanger tubes in an 
enclosure and the ends of the tubes being in direct sealing 
contact with a ceramic pipe plate. 



2. Claims: 9,10 

Method for producing a temperature resi stent joint between 
two or more ceramic articles, wherein the articles are 
placed in a mould, the mould is filled with a ceramic slurry 
and sintered, and the solid ceramic thus obtained is covered 
with a gas-tight coating. 
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